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ABSTRACT

The characteristics of heat wave events in Seoul are analyzed using weather station data from Korea
Meteorological Administration (KMA) and European Centre for Medium-Range Weather Forecast (ECMWF)
ERA-Interim reanalysis data from 1979 to 2016. Heat waves are defined as events in the upper 10th percentile of
the daily maximum temperatures. The associated synoptic weather patterns are then classified into six clusters
through Self-Organizing Map (SOM) analysis for sea-level pressure anomalies in East Asia. Cluster 1 shows an
anti-cyclonic circulation and weak troughs in southeast and west of Korea, respectively. This synoptic pattern leads
to southeasterly winds that advect warm and moist air to the Korean Peninsula. Both clusters 2 and 3 are associated
with southerly winds formed by an anti-cyclonic circulation over the east of Korea and cyclonic circulation over
the west of Korea. Cluster 4 shows a stagnant weather pattern with weak winds and strong insolation. Clusters
5 and 6 are associated with Fohn wind resulting from an anti-cyclonic circulation in the north of the Korean
Peninsula. In terms of long-term variations, event frequencies of clusters 4 and 5 show increasing and decreasing
trends, respectively. However, other clusters do not show any long-term trends, indicating that the mechanisms that
drive heat wave events in Seoul have remained constant over the last four decades.

Key words: Heat wave, Self-Organizing Map, Cluster analysis, Synoptic scale pattern, Physical mechanism
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Fig. 1. The number of heat wave days averaged over 51 KMA stations (blue) and those in Seoul (red).
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Fig. 2. The number of heat wave events with a duration of (a) 1 day, (b) 2-3 days, (c) 4-6 days, and (d) 7 days
and longer. The values averaged over 51 KMA stations are shown in blue, whereas those in Seoul are
shown in red.
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Fig. 3. (a) The climatology of sea level pressure (shading) and 1000-hPa horizontal wind (vector) in June-August
and (b) anomalies of sea level pressure (contour) and wind (vector) during heat wave events. In (b),
shading denotes the values that are statistically significant at the 95% confidence level according to a

Student’s t-test.
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Table 1. The List of the dates (YYYY.MM.DD; YYYY: year, MM: month, DD: day) for each cluster. Blankets
indicates the number of heat wave events and percentage.

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6
(20, 17.54%) (28, 24.56%) (16, 14.04%) (23, 20.18%) (13, 11.40%) (14, 12.28%)
1982.07.08 1981.07.25 1983.06.19 1979.08.13 1982.07.14 1985.07.26
1984.07.30 1981.07.30 1983.08.03 1984.06.13 1983.08.13 1994.06.14
1984.08.18 1981.08.14 1985.08.18 1985.07.22 1984.07.15 1996.08.19
1985.08.12 1982.08.08 1994.08.19 1989.08.04 1984.07.27 1997.08.13
1988.06.26 1984.08.09 1995.07.23 1990.07.29 1986.08.01 1999.06.28
1988.08.01 1985.08.08 1996.06.01 1991.08.20 1989.07.31 2000.06.28
1992.08.29 1990.08.12 1996.08.14 1999.07.14 1991.08.14 2001.07.26
1995.08.14 1994.08.05 1997.08.06 2000.07.02 1994.07.12 2001.08.02
1996.08.09 1996.07.18 2000.08.02 2001.06.07 1997.07.22 2004.07.23
1997.08.01 1996.07.31 2009.08.09 2001.08.16 2000.06.18 2005.08.16
1997.08.18 1997.06.15 2010.08.19 2006.08.08 2000.08.30 2012.06.19
1999.07.20 1999.08.06 2011.07.18 2007.06.18 2007.08.23 2012.07.26
1999.07.26 2000.07.27 2012.08.27 2008.07.08 2014.07.30 2015.06.10

Date of heat 2005.07.22 2000.08.11 2014.07.07 2008.08.06 2015.07.30
wave events day 2010.06.10 2001.06.10 2015.07.10 2009.08.14
2010.08.05 2002.07.25 2016.07.20 2012.06.24
2011.08.05 2004.07.28 2013.08.08
2011.08.31 2004.08.09 2013.08.11
2015.07.15 2005.08.05 2013.08.21
2015.08.05 2006.08.03 2014.07.25
2007.08.11 2015.08.12
2010.08.09 2016.07.30
2011.06.19 2016.08.03
2013.06.29
2013.08.03
2014.07.20
2015.08.17
2016.07.09
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Fig. 4. The sea-level pressure anomalies (contour) and 1000-hPa wind anomalies (vector) for (a) cluster 1 to (f)
cluster 6. Shading denotes the values that show statistical significance at the 95% confidence level
according to a Student’s t-test.
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cluster 6. Shading denotes the values that show statistical significance at the 95% confidence level
according to a Student’s t-test.
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Fig. 7. Diurnal variation of (a) the averaged temperature
of six clusters and (b) the departures from the
mean temperature for each cluster (colored
line) and 1 standard deviation (gray shading).
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deviation (gray shading).
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Fig. 9. 5-year trends of heat wave event frequencies for (a) six clusters, (b) Cluster 4, and (c) Cluster 5.
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